In order to obtain a better insight into these electron-and ligand-transfer processes, N ,N-dialkylcarbamates o f titanium(IV) have been used in reactions with low-valent titanium and vanadium compounds. In this paper we report the synthesis and the molecular structure of a N,N-diethylcarbam ato complex of vanadium (III) containing cy clopentadienyl groups as additional ligands. Moreover, the synthesis of M g (0 2C N Pr'2)2 by a li gand-transfer reaction is presented.
M n6( 0 2C N E t2)12 + 6 (TiCp2Cl)2 12 TiCp2( 0 2C N E t2) + 6 M nCl,
Moreover, it has been shown [2] that bis(pentamethylcyclopentadienyl)vanadium(II), V C p% reacts with T i(0 2C N E t2)4 by a ligand-and electron-transfer reaction according to eq. (2).
T i(0 2C N Et2)4 + VCp*2 -» 1 /n [Ti(02C N E t2)3]" + VCp*2( 0 2C N Et2) (2) In order to obtain a better insight into these electron-and ligand-transfer processes, N ,N-dialkylcarbamates o f titanium(IV) have been used in reactions with low-valent titanium and vanadium compounds. In this paper we report the synthesis and the molecular structure of a N,N-diethylcarbam ato complex of vanadium (III) containing cy clopentadienyl groups as additional ligands. Moreover, the synthesis of M g (0 2C N Pr'2)2 by a li gand-transfer reaction is presented.
Results and Discussion
The reaction of VCp2 with T i(0 2C N E t2)4 pro ceeds smoothly in toluene at room tem perature af fording the products reported in eq. (3) by an elec tron-and ligand-transfer process. 
The reaction products can be easily separated due to their different solubility in organic solvents: the polynuclear Ti(III) N ,N-diethylcarbam ato complex is almost insoluble in the reaction medi um; the V(III) dimer is slightly soluble in heptane while the cyclopentadienyl Ti(III) N,N-diethylcarbam ate is well soluble in aliphatic hydrocarbons and can be isolated by cooling a heptane solution to about -7 8 °C. The dimeric bridged vanadium (III) complex can also be obtained by the reaction of VCp2Cl with H N E t2 in the presence of CO, in heptane as solvent, according to eq. (4).
2 VCp2Cl + 4 C 0 2 + 6 H N E t2 V ,C p ,(0 ,C N E t2)4 + 2 [H,NEt,]Cl + 2 CpH (4) It is noteworthy to compare the reaction report ed in eq. (2) with that represented by eq. (3). The difference in reactivity observed by substituting a cyclopentadienyl ligand with a permethylated one is well known in the literature [3] and is generally attributed to the relative steric bulk of the Cp* li gand. Eq. (2) corresponds to the N,N-dialkylcarbam ato transfer from titanium to vanadium, as a consequence of the vanadium -to-titanium electron transfer. Further ligand redistribution between the m etal(III) centres thus formed may become less fa vourable due to the steric bulk of the perm ethylat ed cyclopentadienyl ring. In the case of the C 5H 5-ligand, the overall reaction 3 may be supposed to occur through the sequence (a) to (d) proposed in Scheme 1. The V(III) derivative, V2Cp2( 0 2C N E t2)4, has been studied by X-ray diffraction methods and it has been shown to have the molecular structure re ported in the Figure. The molecule is a centrosymmetric dimer, each vanadium atom being sur rounded by four oxygen atoms of the bridging N,N -diethylcarbam ato groups and by the cyclo pentadienyl ligand. The metal atom may be re garded to exhibit a square-pyramidal coordination geometry with the oxygen atoms occupying the basal plane and the cyclopentadienyl ligand lying at the apex.
A list o f bond distances and angles is reported in Table I .
The non-bonding V -V distance is 3.553(2) Ä to be com pared with 3. [5 a], where an amine axial group substitutes the more bulky Cp ligand, or in the chrom ium com plex [C r-C r = 2.384(2) Ä] where a relatively strong C r -C r interaction is present [5 b] .
By taking into consideration the difference be tween the ionic radii of the metals [6] , the V -O bond distances [mean value 1.994(6) A] in V2Cp2(0 2C N E t2)4 can be com pared with the val ues o f 2.115(4) A, 2.018 (7) When TiCp2(CO)2 or Vmes2 were allowed to react with T i(0 2C N E t2)4 in toluene at room tem perature, the products of eq. (5) or (6) were ob tained.
The products of reaction (5) can be easily sepa rated due to their different solubility. On the other hand, the N,N-dialkylcarbam ato complexes o f titanium (III) and vanadium (III) were isolated as ad mixture due to their similar low solubility. A Ti/V m olar ratio o f 3 was established analytically in the solid resulting from reaction (6) . Although the possibility exists that the M (0 2C N E t2)3 complexes of titanium (III) and vanadium (III) might be isotypical and that the two cations can substitute each other in the crystal structure, this point could not be established conclusively, and work is still in progress aimed at finding the best experimental conditions for the preparation of mixed N,N-dialkylcarbam ato metal complexes both in solution and in the solid state. Relevant to this point is the observation that the manganese(II) [1] and the cobalt(II) [9] derivatives, M 6( 0 2C N E t2)]2 are isostructural.
During the course of these experiments we be came interested in the preparation of the magne sium N,N-dialkylcarbam ate M g (0 2C N R 2)2 via the well-established [2] metal chloride/C 02/H N R 2 sys tem. Unfortunately, the low solubility o f this com pound in the common organic solvents prevented its separation from [H2N R 2]C1 formed in the course of the reaction between MgCl2 with H N R 2 in the presence of C 0 2. M oreover, no reaction was observed when either magnesium turnings (acti vated with I2) or magnesium powder were treated with amine and C 0 2 at 5 atm ospheres either at room tem perature or at 100 °C. These results dif fer from those reported in the patent literature [ 10] .
The recent synthesis of M n6( 0 2C N R 2)12 from bis(cyclopentadienyl)manganese(II) [1] prom pted us to attem pt the reaction o f M gCp2 with the amine in the presence of C 0 2 but our efforts were defeated by the reaction o f the cyclopentadienyl li gand with C 0 2 to give the corresponding carboxyl ic acid [11] . We have succeeded in preparing M g (0 2C N Pr'2)2 by the reaction o f M gCp2 with T i(0 2C N Pr'2)3 in toluene as solvent, eq. (7).
The reaction proceeds slowly at room tem pera ture. On the other hand, after 2 h reflux a colour less solid, identified as M g (0 2C N Pr'2)2, was ob tained in 85% yield. The titanium (III) cyclopenta dienyl N,N-di-isopropylcarbam ate was isolated in good yields from the solution. The magnesium de rivative is a solid sensitive to moisture, almost in soluble in all common organic solvents. The IR spectrum in the solid state has strong absorptions in the range 1550-1360 cm 1 typical of bidentate N ,N -di-isopropylcarbam ato ligands [5, 12] .
Experimental
Unless otherwise stated, all operations were car ried out under an atm osphere of prepurified nitro gen or argon. Solvents were dried by conventional m ethods prior to use. IR spectra were measured with a Perkin-Elmer model 283 instrument equip ped with a grating. VCp-, [13] , VCp-,Cl [14] , V(//6-1,3,5-Me3C6H 3)2 [15] , Vmes2, M gCp2 [16] , TiCp2(CO)2 [17] , Ti(Ö2C N R 2)4 [2] , R = Et, Pr', and T i(0 2C N Pr'2)3 [18] were prepared according to lit erature.
Reaction o f VCp2 with Ti( 0 2C N E t2) 4: synthesis o f V2Cp2( 0 2C N E t2) 4
A solution o f VCp2 (1.2 g, 6.6 mmol) in toluene (50 ml) was treated with T i(0 2C N Et2)4 (3.44 g, 6.7 mmol). A green solution and a pale-green solid were obtained after 15 h stirring at room tem pera ture. The solid was filtered off, washed with tol uene (2x5 ml) and dried in vacuo affording 1.27 g (99% yield) o f [T i(02C N E t2)3]" [18] (IR and C 0 2 analyses).
The solution was evaporated to dryness and the residue was dissolved in heptane (75 ml) and fil tered at about 70 °C. On cooling to room tem pera ture, large black-green crystals separated (1.56 g) which were filtered off and dried in vacuo at room tem perature. A nother crop o f crystals (0.46 g) was obtained by cooling the m other liquor to -3 0 °C overnight. The com pound was identified as V2C p2( 0 2C N E t2)4 (88% yield). 
Analysis fo r C30H

Reaction o f VCp2Cl with H N E t2/C O :
A suspension of VCp2Cl (1.25 g, 5.8 mmol) in heptane (50 ml) was treated with H N E t2 (17.3 mmol) and CO, at room temperature. A fast C 0 2 absorption was noticed with form ation o f a colourless solid in a green solution. After 15 h stir ring at room tem perature, the suspension was fil tered while still hot. Slow cooling of the solution to room tem perature afforded large blue-green crys tals of V2C p2( 0 2C N E t2)4 (0.74 g). Another crop (0.62 g) of the microcrystalline solid was obtained by cooling the m other liquor to -3 0 °C for a total yield of 68%. Both samples had a satisfactory C 0 2 analysis and an IR spectrum superimposable to that of the com pound described in the previous section. With the co-scan m ethod, 3521 reflections with 3° < 9 < 26° were recorded. After an empirical ab sorption correction [19] , 1602 independent reflec tions with I > 2er(I) were used for structure solu tion and refinement [20] ,
The position of the vanadium atom was calcu lated from the inversion peak of a Patterson syn thesis, the rest o f the non-hydrogen atom positions resulting from a difference Fourier synthesis. In the final full-matrix refinement, the non-hydrogen atoms were refined anisotropically, hydrogen a t oms were included in calculated positions ( C -H = 0.98 Ä) with fixed therm al parameters (Bjs0 = 10 Ä2) and a correction for secondary extinction was applied on F calc [21] .
Refinement converged to R = 0.065, Rw = 0.057, G O F = 1.598 [statistical weights, w = 1/(t2(F0)] with 1602 observations for 200 variables.
A list of the atomic coordinates is reported in Table II . Supplem entary material is available on request*. 
Reaction o f TiCp2( C O ) 2 with T i ( 0 2C N E t2) 4
A solution of TiCp2(CO)2 (0.79 g, 3.4 mmol) in toluene (50 ml) was treated at room tem perature with T i(0 2C N E t2)4 (1.73 g, 3.4 mmol). After 15 h stirring at room tem perature, the colour o f the so lution had changed from brown to blue and a solid was present. After evaporation of the solvent un der reduced pressure at room tem perature, the residue was treated with heptane (50 ml) and the suspension was filtered. The solid was washed with heptane (3x10 ml), dried in vacuo and identified as [Ti(02C N Et2)3]" [18] (1.06 g, 82% yield) (IR and CO, analyses).
The volume of the deep blue filtrate was reduced to ca. 40 ml and cooled to about -7 8 °C overnight affording 0.53 g o f deep blue crystals. A nother crop (0.1 g) was obtained by reducing the volume of the m other liquor to about 20 ml and by cooling to about -7 8 °C for some days. The crystals were identified as TiCp2( 0 2C N E t2) [1] (IR and C 0 2 analyses), 63% yield. A suspension o f magnesium turnings (1.19 g, 50 mmol), H N P r'2 (30 ml, 213 mmol) and a crystal o f diiodine in toluene (100 ml) was treated with C 0 2 at 5 atm in a 250 ml glass autoclave (Büchi, Uster, CH). No dihydrogen was detected in the gas phase and no solid was formed after 15 h at 80 °C.
A similar result was obtained by using activated magnesium powder and increasing the reaction tem perature up to 100 °C. This work was supported by the Consiglio Nazionale delle Ricerche (C .N . R., Rom a) and by the M inistero dell'Universitä e della Ricerca Scientifica e Tecnologica (M. U. R. S. T.).
